The power spectra of the I/f noise in n-type-doped hydrogenated amorphous silicon (a-Si:H) are themselves time dependent. The noise power changes both in magnitude and as a function of frequency, reflecting a modulation of the properties of the fluctuators responsible for the current noise. Slow variations of the noise are strongly correlated over a broad range of frequencies. Spectral analysis of these noise power fluctuations, termed second spectra, also shows an approximate 1/f spectral slope, that is, the 1/f noise has 1/f noise. These results indicate that highly cooperative interactions exist between the fluctuators.
themselves time dependent. The noise power changes both in magnitude and as a function of frequency, reflecting a modulation of the properties of the fluctuators responsible for the current noise. Slow variations of the noise are strongly correlated over a broad range of frequencies. Spectral analysis of these noise power fluctuations, termed second spectra, also shows an approximate 1/f spectral slope, that is, the 1/f noise has 1/f noise. These results indicate that highly cooperative interactions exist between the fluctuators. The spectral density of resistance fluctuations in many semiconducting and metallic solids has an approximately 1/f dependence on frequency f which can be described as arising from a superposition of statistically independent Lorentzian power spectra with a broad distribution of relaxation times [1, 2] . The individual Lorentzian spectra that comprise the 1/f noise can be resolved in sufftciently small-length-scale devices wherein the current is constrained to narrow regions leading to a sensitivity to the presence of a small number of defects (of order 1); one then observes switching noise in the resistance time traces [3] [4] [5] . The recent observation of random telegraph switching noise in coplanar measurements of n-typedoped hydrogenated amorphous silicon (a-Si:H) samples, with electrode separations as large as 1 mm, indicates that a few microscopic processes are dominating the electronic conduction on a macroscopic scale [6] . Possible explanations for these results are that the current paths are highly filamentary with weak links, or that fluctuators responsible for the switching and 1/f noise in a-Si:H interact through serial rather than parallel kinetics, or possibly both.
In this paper we report the first observation of higherorder correlations in the noise power of a-Si:H. The noise power of a-Si:H displays a complicated time dependence, with strong correlations in the variation of the noise between differing frequency octaves. Fourier transforms of the time-dependent variations in the noise power yield "second spectra" which themselves have a 1/f frequency dependence. These results are surprising given the large eff'ective volumes (-10 cm ) of the samples studied here if the individual fluctuators which contribute to the noise power are statistically independent of each other. We have previously reported the average properties of the noise power of a-Si:H [7, 8] . The spectral density of the coplanar current fluctuations has an f "' frequency dependence from 1 Hz to 10 kHz with 0.9 & yl & 1.1 over the temperature range 190( T(450 K [7] . The observation of random telegraph switching noise [6] is consistent with the current in a-Si:H being carried, at least in part, by inhomogeneous current paths, the conductance of which is time and temperature dependent [7, 8] The amorphous silicon films studied were synthesized in a rf glow-discharge deposition system. n-type doping is achieved by adding phosphine [10 ppm(volume) [9] . Details of the deposition technique and growth conditions [10] , electronic [11] , and noise properties [8] [12] . Fig. 2 . The continuous distribution of Lorentzian functions used in the calculation yields a 1/f frequency dependence for the total power spectrum, and the amplitude of each Lorentzian that contributes to the noise is independently randomly modulated [14] . The p;~f or the Lorentzian spectra are due to the overlap across octaves of the individual power spectra. As shown in Fig. 2 Fig. 2 ) are markedly larger for all octave separations, indicating that the correlations between the fluctuators become stronger on longer time scales. The p;~'s growth with a quasilogarithmic dependence on the averaging time, as described in detail elsewhere [12] . The observation of switching noise in the resistance time traces indicates that for short times the noise power can be described by a Lorentzian; howev- er, the large p;J. 's and their growth with averaging time indicate that the properties of these Lorentzians are not independently modulated but rather interact on long time scales through some form of cooperative dynamics [15] .
The low-frequency components to the noise power fluctuations shown in Fig. 1 are clearly seen in the second spectra [14] , as shown in Fig. 3 . The second spectra are calculated from a time record of the noise power for a given octave, specified by fi (the logarithmic average frequency for octave k). For each octave a power spectrum S2(f2, f1 ) is calculated at the frequency f2, determined by the time scale of the fluctuations in Fig. 1 . The second spectra are plotted by dividing the frequency f2 by the center frequency of each octave ff [16] . The second spectra in Fig. 3 are normalized so that if the noise is due to a Gaussian process (such as charge carrier trapping due to a large number of statistically independent defects) then S2 is unity for all frequencies f2. That is, higher-order correlations do not contain any additional information for Gaussian processes. Separate measurements of Johnson noise in a metal film resistor do indeed find "white" second spectra with a magnitude S2-l. In contrast the second spectra for a-Si:H show a clear power-law frequency dependence with magnitudes well above unity.
The solid line in Fig. 3 represents a fit to the secondspectra data by the expression S2 =$2(0) + a2 (f2jfi ) where Sz(0) and a2 are constants and y2 is the S2 spectral slope. The power-law exponent y2 is 1.13 at 300 K, with a frequency-independent component of Si(0)-2 at scaled frequencies above 10 Hz. The white component of the second spectra at higher frequencies is similar to that expected for stationary independent Lorentzian functions [17] ,which is consistent with the smaller correlation coefficients observed at shorter time scales (Fig. 2) . The spectral slope is in the range 0.65 & y2&1.1 over the temperature range 190 & T & 450 K with no apparent systematic trend. At a given temperature the second spectral slope y2 is always less than the spectral slope yõ f the first spectra (i.e. , the conventional current noise power spectra). The frequency-independent term in Eq.
(2) varied from 2 to 10, while a2 ranged from 10 ' to 10 over this temperature regime, again with no systematic variation with temperature.
Details of the temperature dependence of S2 will be published separately [12] .
The second spectra shown in Fig. 3 represent the absolute square of the Fourier transform of the noise power in a given octave k. We have also calculated the secondorder cross sepctra [13] which are the product of the FFT of the noise power in octave i and the complex conjugate of the FFT of the noise power in octave j. Unlike the second spectra in Fig. 3 , the cross spectra can consist of both real and imaginary terms. The imaginary component of the cross spectra can be considered as representing a phase diff'erence between the changes in the noise power at one octave and the subsequent variations in the noise at another octave. Such a phase difference could arise if the experimental probe used to measure the noise spectral density, such as the dc current, actually induced the current fluctuations instead of simply passively monitoring variations in the bulk resistance of the sample [18] . The magnitude of the imaginary term of the cross spectra for a-Si:H is consistent with zero, while the real component has a power-law frequency dependence, 1/f2, over the entire temperature range investigated, indicating that the results described here reflect variations in the intrinsic properties of the a-Si:H film and are not an artifact of the measurement process. The random telegraph switching noise [6] has been ascribed to the influence of inhomogeneous current paths in the a-Si:H film. Such current filaments could arise due to potential fluctuations from charged defects [19] , the intrinsic disorder of the silicon network [20] , or from the hydrogen microstructure [21] . The switching noise and the time dependence of the noise power described here indicate that the resistance of these postulated microchannels must change with time. We have previously suggested that the motion of bonded hydrogen, by changing defect bonding coordinations, could account for the variations of these filaments' resistance [8] . Recent nuclear magnetic resonance measurements [22] and supercell calculations [23] [16] , and also improve our understanding of transport in amorphous semiconductors.
